Introduction
With the recent rapid increase in the use of portable telephones, safety guidelines have been issued in various This paper concentrates on the approach to a reas on able one-gram average procedure for FCC complia nce.
Four one-gram average procedures are considered i n FDTD modeling and computation.
Their uncertainties on the one-gram averaged spatial peak SAR are evaluat ed and possibilities applicable to the SAR assessment are discussed.
Model and FDTD Analysis
The head model was constructed by our groups on the basis of an anatomical chart of a Japanese adult head(" another two head models which were identical to the normal head model except that the ear was pressed or removed for modeling a more realistic case of RF exposure from the portable telephone. surface or the ear, if the model contains it, was 9 numerical cells. This is considered to define a physical separation of 2 cm because 1/2 cell extends beyond the feed point and 1/2 cell extends beyond the head, which cuts the separation distance by 1 numerical cell"'). The hand was highly simplified and modeled by 2/3 muscle equivalent material whose E, and 6 are two-thirds of muscle's ones, respectively. The hand was 8 cm wide and 2 cm thick and wrapped around three sides of the lower part of the portable telephone. (1) where I is the complex amplitude of the current, R is the real part of the antenna input impedance, and denotes the complex conjugate. The SAR was comput ed by taking (2) for each cell where E is the electric field in the cell. (B) Based on our previous procedure, the one-gram averaged spatial peak SAR is obtained from an exactly 1 x 1 x 1 cm cube with a mass close to one gram (within ±5%). The cube does not contain air cells.
(C) The one-gram averaged spatial peak SAR is obtained from a nearly 1 X 1 x 1 cm cube with a mass of one gram by means of a linear interpolation algorithm. According to the Gandhi's proposal, at least 80 percent of the cells are occupied by the tissues and no more than 20 percent of the cells are in the air.
(D) The one-gram averaged spatial peak SAR is obtained from an exactly 1 X 1 X 1 cm cube with a mass close to one gram (within ±5%). According to the Gandhi's proposal, at least 80 percent of the cells are occupied by the tissues and no more than 20 percent of the cells are in the air.
The linear interpolation for obtaining the one-gram averaged spatial peak SAR appears to be used by most researchers. It computes one-gram averaged spatial peak SAR based on the power absorbed in a cube (core) that has a mass close to but lower or higher than one gram. To obtain a spatial peak SAR averaged over just one gram, a layer is added or subtracted to the core and the power absorbed in the layer is determined by linear interpolation. However, since the peak SAR occurs in the skin tissue for portable telephones, i. e., the core is located at the head surface , adding a layer to the core will contains air cells in the side close to the portable telephone. In the above procedures , hence, we have used such an algorithm as illustrated in Fig . 3 (with a side view) in which only three sides of the added or subtract Of course, the selection of three sides of a layer is not unique and all the options need to be examined in order to obtain the one-gram averaged spatial peak SAR. Fig. 4 shows the SAR distributions on the head surface at 900 MHz. It should be emphasized that the SAR distributions are plotted with the one-cell SAR values. It is not difficult to find from Fig. 4 that the electromag netic absorption in the head surface for the pressed-ear model was larger than that for the normal model and smaller than that for the removed-ear model. The reason is that the electromagnetic absorption in the head is strongly dependent on the distance between the head and the antenna. In fact, different ear shapes lead to different distances between the head surface and the antenna and then result in the variation of antenna load. Table 2 gives the relationship between the three head models and the antenna input impedance (Zin= VII) as well as antenna feedpoint current (III). The antenna input power Pin was fixed at 0.6 W at 900 MHz and 0.27 W at 1.5 GHz. It can be found that the real part of antenna input impedance for the pressed-ear model was larger than that for the removed-ear model and smaller that for the normal model. As a result the antenna current has such a relationship as the normal model < models. Fig. 6 shows the averaged SARs for the brain and whole head, respectively. All of the results support the relationship found above, i. e., the normal model < the pressed-ear model < the removed-ear model, both for the spatial peak SAR and the averaged SAR.
Results and Discussion
With these prior knowledges, we now examine the Since a physiological ground of the SAR limits for near field exposure is unclear , it is difficult to say which average procedure is more adequate . But from the point of view that the one-gram averaged spatial peak SAR should reflect the amount of electromagnetic absorption in the important organ , i. e., the brain, the procedures A and B seem to be adequate candidates for the one -gram average. This observation is also supported by th e antenna feedpoint current , as shown in Table 2 , which is A further subject is to investigate the gram average procedures from a physiological point of view.
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